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Department of Pathology, New York University Medical Center, New York, New York
Renal disease in familial dysautonomia. A study of renal disease
in familial dysautonomia identified excess glomerulosclerosis in
10 of 13 autopsied and biopsied patients. Sympathetic nerve ter-
minals could not be found on renal vessels in biopsied tissue;
they were invariably demonstrable in controls. Altered reno-
vascular responsivity to systemic hypotension in familial dys-
autonomia may lead to ischemia and subsequent sclerosis of
glomeruli. Review of 79 living outpatients showed that clinically
overt renal disease was rare in familial dysautonomia. Never-
theless, frequent observations of elevations of serum creatinine
concentrations (32% of patients) and blood urea concentrations
(76% of patients) indicated a high prevalence of abnormality. An
association was found between hypotension and renal dysfunc-
tion.
Atteinte rénale dans Ia dysautonomie familiale. Une étude de
l'atteinte rénale dans Ia dysautonomie familiale a identifié une
glomerulosclérose excessive chez 10 malades parmi les 13 autop-
siés ou biopsies. Les terminaisons sympathiques n'ont pas pu
étre mises en evidence dans les vaisseaux rénaux des fragments
biopsiques. Elles ont été toujours observes dans les fragments
contrôles. Une modification de Ia rCponse rénovasculaire a
l'hypotension systémique au cours de Ia dysautonomie familiale
peut conduire a l'ischémie puis a Ia sclérose glomérulaire.
L'étude de 79 malades externes vivants a montré que l'atteinte
rénale cliniquement Cvidente est rare au cours de Ia dysauto-
nomie familiale. Cependant, Ia constatation frequente de créati-
ninémies élevées (32% des malades) et de concentrations
plasmatiques d'urée Clevées (76% des malades) indique une fré-
quence élevCe d'anomalies. Une association a été constatée
entre l'hypotension et Ia modification du fonctionnement renal.
Familial dysautonomia (FD) is an autosomal re-
cessive disorder [1, 2]. The clinical manifestations
are widespread and secondary to autonomic, sen-
sory, and motor abnormalities. Consistent neuro-
pathologic lesions have been described indicating
decreased neuronal numbers in ganglia [3-6] and di-
minished axons in peripheral nerves [7, 8].
Prior observation of glomerulosclerosis in a I-
year-old child with FD and the death in renal failure
of a 33-year-old patient led to review of autopsy tis-
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sue and a survey of chemical indicators of renal
function in a large outpatient population. Renal
biopsies were also performed.
Methods
Autopsied patients. The Familial Dysautonomia
Treatment and Evaluation Center at New York
University Medical Center provides services to the
majority of the patients with FD in the United
States. During the past 10 years, 183 patients have
registered at the clinic, and 37 of these have died.
Tissue samples were from a sequential series of
nine autopsies at this institution. Samples from one
additional necropsy were provided from another
hospital. Thus, a total of ten unselected autopsy
findings are described.
The causes of death in nine of the autopsied pa-
tients were "nonrenal" and were massive aspira-
tion (four patients), respiratory failure secondary to
severe tracheobronchitis (two patients), respiratory
arrest during sleep (two patients), and septic shock
(one patient). One patient, the oldest in the study,
died in renal failure. Clinical data presented were
representative of the last few months of the pa-
tients' lives, and were from periods when patients
were free of severe intercurrent illnesses and vomit-
ing crises (Table I).
The patient with renal failure was a 33-year-old
man. He died after 2 days of coma, during which
time he had been maintained on a respirator. As a
child he had had typical dysautonomic problems
with alacrima, episodes of pneumonia, postural
hypotension, and cyclical vomiting. The frequency
of vomiting crises decreased in adulthood. Four
years prior to death, his BUN was 41 mg/dl and his
hematocrit was 39%; 1 year prior to death, his BUN
was 48 mg/dl and his hematocrit was 36%. His final
hospital admission was for a fractured hip. On ad-
mission he was found to have a supine blood pres-
sure of 180/130, a serum creatinine concentration of
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Table 1. Clinical features in dysautonomic patients with renal diseasea
Source
of Serum Creatinine Urine Blood
tissue Age Weight BUN creatinine clearance Protein- specific pressure
studiedb yr Sex kg ,ngidl mild! mi/mini! .73 m2 uria gravity mm Hg
A I M 10.2 35to 120 2.1 — — — SOto 145
(systolic)
A 2 M 10.0 18 0.4 — no 1.021 100/70
A 3 F 11.4 8 0.6 — no 1.024 105/75
A 4 M 8.2 II 0.7 148 no 1.025 100/50
A 6 M 15.0 — — — — — —
A 9 F 26.6 — — — — — —
B 15 F 24.0 55 1.2 45 160mg/day 1.020 90/50
B 16 M 42.0 64 1.8 42 no 1.020 90/60
A 17 F 32.7 80 4.3 — no 1.020 90/60
A 17 M 31.0 30 1.6 43 no 1.023 95/60
B 22 M 33.0 32 1.0 62 no 1.024 90/50
A 28 M 27.7 22 1.0 — no — 90/50
A 33 M 40.9 150 9.6 4 lOg/day 1.012 180/130
a Dashes (—) indicate that clinical records were unavailable or that a test was not done.
A denotes autopsy; B, biopsy.
9.6 mg/dl, and a BUN of 150 mgldl. Intravenous
urography revealed bilateral small kidneys (10 cm).
A cystourethrogram showed normal voiding and no
evidence of ureteral reflux. There was evidence of
secondary hyperparathyroidism with serum cal-
cium concentration of 9.0 mgldl, phosphorus of 8
mgldl, and parathormone level of 847 pg/mI (normal
163 to 347 pg/mI). He had persistent hyperkalemic
acidosis. Repeated hemodialyses were performed
and were complicated by seizures, hypotensive epi-
sodes, and cardiac arrests. He died after 2 days of
coma and hypothermia following one of these car-
diac arrests.
Control values for percentages of sclerotic gb-
meruli in autopsied patients were acquired at the
same Medical Center from a series of patients with no
known renal disease [9]. That series demonstrated
that sclerosis of more than 2% of glomeruli at age 1
year or 6% at age 35 years exceeded the 95% con-
fIdence limits of normality.
Autopsy tissue was processed for light micros-
copy only because autolysis precluded electron mi-
croscopy. Between 85 and 250 glomeruli were ex-
amined in thin sections stained with hematoxylin
and eosin and with periodic acid Schiff and silver
methenamine. Glomeruli were counted as sclerotic
only when there was total obliteration of loops.
Biopsied patients. Renal biopsies were performed
on three dysautonomic patients who had laboratory
evidence of renal insufficiency. All biopsied pa-
tients were older than 16 years and had transient
episodes of hypertension associated with vomiting
crises." These "crises" occur in 40% of dysauto-
nomic patients and are characterized by cyclical
vomiting, hypertension, tachycardia, and skin
blotching [10]. Vomiting often results in rapid dehy-
dration. Between "crises" these three patients had
postural hypotension. Intravenous hydration was
ineffective in lowering their BUN concentrations
below 30 mgidl or their serum creatinine concentra-
tions below I mg/dl. Clinical data from autopsy and
biopsy findings are summarized in Table 1.
Controls for biopsied patients were obtained from
archives of plastic-embedded renal biopsies from
nondysautonomic patients with renal disease (Table
2). Biopsied tissues were studied immunohisto-
chemically for immunoglobulin, complement, II-
brin, and albumin. Glutaraldehyde-fixed specimens
were stained, after sectioning, with uranyl acetate
and lead citrate prior to examination in a Zeiss EM-
9 microscope. (Catecholamine-based fluoro-
chromes could not be induced in the archival frozen
sections of biopsy tissue available for this study.)
Outpatient population. The Dysautonomia Treat-
ment and Evaluation Center at New York Universi-
ty Medical Center is presently following 146 living
patients with familial dysautonomia. From June of
1976 to May of 1977, 85 unselected outpatients were
clinically evaluated as part of their routine annual
examination. Seventy-nine of these patients had
urinalysis, and determination of creatinine concen-
trations and BUN. Blood pressures were performed
in both the supine and standing position. All pa-
tients were ambulatory and considered well at the
time of evaluation.
Control values for creatinine concentrations,
BUN, and blood pressure were obtained from the
literature [11—13].
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Control
no.
Age
yr Diagnosis
1 13 Acute diffuse proliferative glomerulonephritis
2 13 Acute diffuse proliferative glomerulonephritis
3 14 Toxic tubular necrosis glomerulonephritis
4 19 Lipoid nephrosis
5 20 Lipoid nephrosis
6 21 Lupus nephritis
7 39 Diabetic nephropathy
Results
Pathology. In eight of ten autopsy specimens the
percentage of sclerotic glomeruli exceeded the up-
per 95% confidence limit for the incidence of gb-
merulosclerosis in our reference population [9].
Glomeruloscierosis was most marked in the older
patients (Table 3 and Fig. I). The exceptions were
two patients, aged 3 and 4 years, but excess scle-
rosis was present in two children younger than
these.
Underlying architecture of sclerotic glomeruli
tended to be retained. The sclerotic, collapsed,
acellular tufts usually involved the entire glomeru-
lus. Partial obliteration of tufts was rarely seen.
Focal thickening, reduplication, and wrinkling of
the capillary basement membrane were seen in
some glomeruli. Diffuse or patchy thickening of
capsules was common, being especially evident at
the vascular pole (Fig. 2). Eccentric collars of colla-
gen were also seen. Sclerotic glomeruli were ran-
domly scattered but occasionally were seen in clus-
ters up to ten (Fig. 3).
Prominence of juxtagbomerular cells was present
in half of the cases (Table 3). The unreliable per-
Age, yr
Fig. I. Percentages ofse/erotic g/o,neruli inpatients i*'ith famil-
ial dysautono,nia. Autopsy findings are denoted by closed cir-
des; biopsy findings, by open circles. In the biopsy marked
a total of only eight glomeruli were present. Hatc/ied zone is 95%
confidence limits for sclerosis in a normal population [9].
formance of granule stains in autopsy tissue pre-
vented further characterization of these cells.
Tubular atrophy was patchy and approximately
proportional to the severity of glomerulosclerosis
(Table 3). Interstitial lymphocytic infiltration was
infrequent but was moderately prominent in two
adult patients aged 28 and 33 years.
Table 3. Renal pathology in familial dysautonomia
Ageb
yr
Sclerotic
glomeruli
%
Total no. of
glomeruli
counted
Tubular
atrophy
-
Vascular sclerosis
Juxtaglomerular
prominence
Combined
kidney wts
gLobar arteries Lobular arteries Arterioles
IA 5 94 ++ 0 ++ ++ + —
2A 7 220 + 0 0 0 110
3A 0.4 250 0 0 0 64
4A 0 160 0 0 0 0 0 80
6A 9 200 ++ 0 ++ + 0 80
9A 5 233 0 4- + 0 140
158 0 8 ++ — — 4- 0 B
16B 39 28 ++ — — + +4- B
17A 50 85 +++ 0 + ++ + 200
17A 15 130 + 0 + 165
22B 62 16 ++ — ++ ++ 0 B
28A 28 149 ++ 0 ++ + + 165
33A 80 87 ++++ ++ ++++ ++++ + 120
Pathologic changes are expressed on a scale of 0 (no elements abnormal) to + + + + (all elements abnormal). Dash (—) indicates
tissue was insufficient for analysis or data unavailable.
A is autopsy; B is biopsy.
Table 2. Control biopsy findings (EM studies)
0
E0
0)
C-)
0
a)
C)(a
0
10 20
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Fig. 2. Case #6, aged /0 yr. autopsy. Glomerulosclerosis with collapse of capillary tufts and fibrotic thickening of the capsule at the
vascular pole is shown. (Magnification, x300; silver methenamine and periodic acid Schiff stain).
Fig. 3. Case #9, aged 17 yr. autopsy. Three of the five glomeruli shown are obliterated by sclerosis, and two show mild mesangial
widening with partial collapse of capillary tufts. There is slight arterial thickening. (Magnification, x190; silver methenamine and period-
ic acid Schiff stain).
Hypertrophy of the media of intralobular arteries
and arterioles was usually coexistent with glomeru-
losclerosis and tended to increase with age but was
not always proportionate to the degree of glomeru-
losclerosis. Intimal thickening and hyalinization of
intralobular arteries and arterioles were found only
in the two oldest patients. Lobar arteriosclerosis
was present only in the patient with advanced renal
failure. No capsular adhesions or depressed sur-
face scars were present in any of the kidneys. No
excessive thickening or reduplication of vascular
basal laminae was observed. Autolytic changes
were rapid in nerve terminals and precluded their
study in autopsy material.
Biopsy data. The biopsy tissues (Table 3) were
generally similar to those seen at autopsy. The ex-
ception was the 15-year-old patient in whom all
eight glomeruli examined were normal. This may
have reflected the small size of the sample. This pa-
tient did have moderate tubular atrophy and slight
arteriolar thickening.
The unique finding in the three biopsies from FD
patients was that vascular innervation was not de-
monstrable ultrastructurally (Fig. 4). Nerve termi-
r-; .z
4.-
I
S
—. ,w .sr
S
! 7¾ fl a
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Fig. 4. Case #7, aged 16, biopsy. A Lmi'-poiter survey view ofsmall artery. Bar represents 10 js. L is lumen (occupied by leukocyte); E,
internal elastic lamina; S, smooth muscle cell; C, collagen; V, venule. B Higher magnification, different artery. Bar represents I . B is
basement membrane; F, fibroblast. No nerve terminals were found in any of the FD biopsy specimens.
nals containing dense core vesicles were found in all tamed mitochondria and dense-cored vesicles 45 to
seven controls with other renal disease (Fig. 5). 70 nm in diameter as well as smaller clear-cored
Sympathetic nerve varicosities in the controls con- vesicles. A minimum of two and a maximum of five
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Fig. 4. Continued.
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arterioles could be found in the parts of the biopsy
specimens available for electron microscopy. Long
series of sections were made at several sites on each
artery. Virtually every control section contained at
least one varicosity. An exception was control 3 in
which varicosities were sparse. No varicosities
were found on any FD arteriole in a total of approxi-
mately 80 sections. Quantitation of the normal den-
sity of renal vascular innervation was not attempt-
ed. Innervation was invariably present in controls
and undetected on exhaustive search of FD biopsy
specimens. In diseased control biopsy specimens,
especially when blood vessels were involved and
perivascular collagen was increased, careful search
was necessary to detect axons that sometimes were
separated widely from the outer medial muscle lay-
er.
No glomerular deposition of immunoglobulins,
C3, fibrin, or albumin was demonstrated in two
biopsy specimens examined by immunofluores-
cence. No electron-dense glomerular deposits in-
dicative of immune complexes were present on ul-
trastructural examination of the three biopsy speci-
mens. In the biopsy from the 16-year-old patient,
there were prominent juxtaglomerular cells.
Clinical data from hiopsied and autopsied pa-
tients (Table 3). Of a total of 13 autopsied and biop-
sied patients, ten had increased glomerulosclerosis.
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Fig. 5. Control #6, aged 2/, biopsy. A Lou-power suru'ev u'ie;u of arteriole. Bar represents 10 p.. N is nerve tissue. Other symbols are
defined in Fig. 4. The nerve tissue is comprised of a Schwann cell with pale cytoplasm, which is indented at its periphery by several
axons, some of which are expanded into varicosities containing dense core vesicles. All control biopsy specimens contained such
varicosities.
Serum creatinine concentrations were available for
eight of these ten patients. Serum creatinine was
elevated in seven. The two autopsied patients with-
out glomerulosclerosis had normal creatinine con-
centrations.
The three patients selected for percutaneous re-
nal biopsy all had decreased creatinine clearances.
Two had significant glomerulosclerosis (16% and
28%). The third patient had tubular atrophy, but no
sclerosis was found in the sample of eight glomeruli.
Creatinine clearances had been done in three pa-
tients who died. At autopsy, excess sclerosis was
present in the two who had decreased clearances
but was not present in the one with normal clear-
anc e.
BUN was elevated in nine of ten patients with
excess glomerulosclerosis. BUN was also elevated
in a biopsied patient with no demonstrated sclerosis
(eight glomeruli in sample). BUN was normal in the
two other patients who had no excess sclerosis.
Only the patient who died in renal failure had di-
minished concentrating ability and prominent pro-
teinuria (Table I).
Representative supine blood pressures for autop-
sled and biopsied patients are listed in Table I. For
an individual older than 15 years of age, a systolic
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Fig. 5. B Higher ,nagnification, different artery. Bar representsI z. In the nerve tissue complex are four expanded axons con-
taining vesicles. In two there are dense cored vesicles char-
acteristic of catecholaminergic vancosities. The cytoplasm of a
Schwann cell interdigitates with the axons. (In contrast to the
situation in skeletal muscle motor end plates, autonomic nerves
do not form close junctional complexes with smooth muscle.
Sympathetic terminals may be separated by many microns from
the smooth muscle cells that they effect.)
pressure of 110 mm Hg and a diastolic pressure of
60 mm Hg are the lower limits of normal (fifth per-
centile values) [13]. Six of the seven patients aged
15 years or over on whom tissue studies were made
had abnormally low blood pressures. Five of these
had excess glomerular sclerosis. The seventh pa-
tient in the 15 or over age group was in renal failure
and had hypertension.
Clinical data on outpatient population. The
serum creatinine concentrations were elevated in 25
of 79(32%) ambulatory dysautonomic patients (Fig.
6). Creatinine normally increases with age in chil-
dren [11]. Above 15 years of age, a serum concen-
tration above 1.0 mgldl is considered elevated in our
laboratory. A value of 1.0 mg/dl as the maximal nor-
mal for creatinine may be falsely high for the FD
population. This group has decreased muscle mass
and small stature as a component of the disease and
would be anticipated to have lower creatinine con-
centrations than does the general population.
Elevated BUN was frequent in ambulatory dys-
autonomic patients. Seventy-six percent of patients
had BUN's greater than 21 mgldl(r = 0.42) (Fig. 7).
. S • • •
/ $
•.t''...$I.. •
•1
.5 S
•5
.
.. .
5 10 15 20 25 30
Proteinuria was present in 13 of 79 (17%) pa-
tients. It was recorded as "trace" in 10 (13%) and
as 30 to 100 mg!dl in 3 (4%). In the presence of pro-
teinuria, the prevalence of elevated creatinine con-
centration (62%) and BUN (92%) was greater than it
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Fig. 6. Serum creatinine: Outpatient population. Normal range
is shown between solid lines [I I]. The youngest subjects have
an increased incidence of abnormal values. There is also a trend
towards increasing abnormality in older patients.
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Fig. 7. Blood urea nitrogen: Outpatient population. Solid line
fits linear regression analysis (least squares).
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Table 4. Prevalence of low blood pressure in outpatients with familiar dysautonomiaa
Supine Erect
Systolic Diastolic Systolic Diastolic
Age <5th percentile <5th percentile <5th percentile <5th percentile
Less than 13 yr 25% (N = 28) 14% 55% (N = 22) 27%
13 yr or older 26% (N = 47) 32% 50% (N = 44) 39%
This table shows incidences of low blood pressures only. It does not indicate postural hypotension, that is, fall of blood pressure on
standing, which was found in all appropriately tested patients. N is number of patients.
TableS. Prevalence of high blood pressure in patients with familial dysautonomiaa
Supine Erect
Systolic Diastolic Systolic Diastolic
Age >95th percentile >95th percentile >95th percentile >95th percentile
Less than 13 yr 4% (N = 48) 11% 0% (N = 22) 0%
l3yrorolder 9% (N = 47) 19% 5% (N = 44) 2%
N is number of patients.
was in the FD population as a whole (32% elevated
creatinine concentration, 76% elevated BUN).
Blood pressure (BP) normally increases with age
[13]. There was an excess of FD patients with su-
pine and standing BP's below the fifth percentile of
the normal range (Table 4). When BP's were re-
corded supine, a slight excess of diastolic readings
were above the 95th percentile; this excess dis-
appeared when BP's were taken in standing patients
(Table 5). Postural hypotension was detected in all
patients who had both supine and standing BP's re-
corded.
Patients with BP's less than the fifth percentile of
the normal range had an increased prevalence of
biochemical abnormalities when compared to the
FD population as a whole. When the serum creati-
nine concentration of the patients older than 13
years was plotted against mean systolic BP, it was
found that the bulk of abnormal values existed in
patients with low BP's (Fig. 8). Nine of twenty-two
(41%) with BP's below the normal range (mean 2
SD) had elevated creatinine concentrations. One of
eleven (9%) patients with normal BP had an ele-
vated creatinine concentration. Four of fourteen
(29%) patients with elevated mean BP's had ele-
vated creatinine concentrations.
Discussion
Glomerulosclerosis in excess of that found in the
normal population was present in 10 of 13 patients
with FD. The degree of excess increased with age.
In a large outpatient population, BUN was also
found to show a marked increase with age. Eleva-
tions in serum creatinine concentrations were more
frequent in older patients. Postural hypotension
was found in all patients who were appropriately
examined.
There was no evidence of renal infection or of an
immune mechanism underlying the excess glomeru-
losclerosis. Thickening and wrinkling of glomerular
basement membranes and formation of collagenous
capsular collars suggested that ischemia may have
been antecedent to the glomerulosclerosis. Never-
theless, morphologic changes in arterial walls were
variable and, when present, were often judged in-
sufficient to account for the concomitant excess gb-
merubosclerosis. An exception to this was the 33-
year-old patient in renal failure who had 80% of
sclerotic glomeruli and vessels showing severe in-
timal hyalinization and fibrosis and medial hyper-
trophy. This severe vascular disease may have been
associated with his exceptional hypertension. Be-
cause no other etiology for his renal pathologic
changes was found and because he appeared to
have an extreme form of progressive excess gb-
merulosclerosis in FD, we concluded that this pa-
tient did not have a different kidney disease from
the others.
Seven control biopsy specimens from patients
with other renal diseases were found to contain
autonomic nerve terminals. Quantitation of renal
vascular innervation in other disease entities was
not an aim of this study. The significant observa-
tions were that innervation was invariably present
in the controls and undetected on exhaustive search
of FD biopsy specimens. The differences between
FD patients and controls with other diseases were
"all or none." Confidence in these observations is
enhanced by previous studies that have shown auto-
nomic denervation in vessels in skin, nerve, and
Kidney in dysautonomia 111
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Mean supine blood pressure, mm Hg
Fig. 8. Relationship of serun creatinine to mean supine blood
pressure. Creatinine concentrations for patients with familial
dysautonomia 13 years of age and older are plotted against
calculated mean supine blood pressure determinations. Normal
mean blood pressure range (±1 SD) is between vertical bars.
Creatinine values above the horizontal line are considered ab-
normal. There are increased incidences of abnormal creatinine
concentrations with blood pressures lower or greater than the
normal range. At low blood pressures, reduced renal perfusion
may contribute to elevated creatinine concentrations. The asso-
ciation of elevated blood pressure and creatinine may reflect
established renal pathology.
tongue in FD [14j. This denervation is compatible
with observed loss of 80 to 90% of neurons from
sympathetic ganglia [6].
A possible mechanism for the production of pro-
gressive ischemic glomerulosclerosis in FD can be
considered in light of the renal vascular denerva-
tion. Autonomic renal denervation is a unique path-
ologic finding. Denervation of renal arteries re-
moves an important mechanism for adjustment of
renal arterial flow in response to alterations of blood
pressure. This is particularly significant in FD, as
chronic marked postural hypotension and episodic
hypovolemia secondary to crises of severe vomiting
are frequently present. Furthermore, denervated
arteries would be expected to exhibit supersensi-
tivity to circulating catecholamines and be prone to
spasm [15]. During characteristic transient dysauto-
nomic crises, symptoms are noted that are compat-
ible with a sudden release of adrenal cate-
cholamines, that is, skin blotching, hypertension,
and tachycardia [10]. Recent studies of dysauto-
nomic crises show marked elevation of circulating
norepinephrine, epinephrine, and dopamine (Naft-
chi, Demeny, and Axeirod, in preparation). These
catecholamines may lead to spasm of supersensitive
denervated renal arteries and severely diminish
blood flow in the kidney. The increase of glomeru-
loscierosis with age might reflect both time of ex-
posure and the progressive neuronal degeneration
that we have observed [4, 6]. Glomerulosclerosis
associated with autonomic denervation occurs after
renal arterial ligation in rats [16]. Although the pro-
cedure may damage nerves as they pass in the arte-
rial adventitia, this observation, together with that
in dysautonomic patients, should stimulate study of
the role of abnormalities of innervation in renal dis-
eases.
Renin production in response to variations in
body sodium and blood pressure has been found to
be abnormal in FD [17], and the f3-adrenergic block-
er propranolol does not have its normal effect of
producing a fall in plasma renin [18]. Renin produc-
tion is partially controlled by the autonomic ner-
vous system [16, 19-24] in reflexes involving renal
sensory nerves [25—27]. Our observations of renal
denervation and diminution of sensory neurons in FD
[4] provide a basis for the blunting of renin responses
to lowered blood pressure. Since peripheral blood
vessels are also denervated [14], neither neurogenic
nor renin-mediated vasoconstriction are properly
available to check falling blood pressure, a situation
similar to that found in some patients with diabetic
neuropathy [28].
Clinical manifestations. Clinical signs of renal
disease had not been apparent in the autopsied pa-
tients, with the exception of the oldest patient who
died in renal failure. The patients who were biop-
sied had evidence of renal dysfunction based on in-
creased BUN and decreased creatinine clearance.
As improved supportive therapy enables more
dysautonomic patients to survive into adulthood,
renal dysfunction may more often become clinically
apparent. Prerenal azotemia is often observed dur-
ing vomiting crises, and correction of dehydration is
not always associated with normalization of labora-
tory data.
Analyses of outpatient data indicate that many
dysautonomic patients have elevated creatinine
concentrations and elevated BUN's. BUN eleva-
tions are more sensitive indicators of renal dysfunc-
tion than are increased creatinine concentrations in
these patients. Elevated creatinine concentrations
were more apparent in older patients and in patients
with low mean blood pressures. Because hypoten-
sion may contribute to the progression of the renal
disease, current therapy is aimed at maintaining cir-
culating volume to improve renal perfusion. To
minimize the effect of vasospasm thought to be as-
sociated with "vomiting crises," we suggest
prompt hydration and antiemetics that are cate-
cholamine receptor blockers.
Acknowledgments
Dr. R. Cash of Farmington, Michigan, provided
renal sections from one of the patients. We also ac-
knowledge the support of the members of the Dys-
autonomia Foundation, Inc.
112 Pearson et a!
Reprint requests to Dr. John Pearson, Department of Patholo-
gy, Nes York University Medical Center, 550 First Avenue, New
York, New York 100/6, USA
References
1. RILEY CM: Familial dysautonomia; clinical and patho-
physiological aspects. Ann NY Acad Sci 228:283—287, 1974
2. BRUNT PW, MCKUSICK VA: Familial dysautonomia: A re-
port of genetic and clinical studies, with a review of the liter-
ature. Medicine 49:343, 1970
3. DYCK P, KAWAMURA Y, Low PA, SI-IIMONO M: The num-
bers and sizes of reconstructed peripheral anatomic, sensory
and motor neurons in a case of dysautonomia. J Neuropath
Exp Neurol 37:741—755, 1978
4. PEARSON J, PYTEL B, GROVER-JOHNSON N, AXELROD F.
DANCIs J: Quantitative studies of dorsal root ganglia and
pathologic observations on spinal cords in familial dysauto-
nomia. J Neurol Sci 35:77—92, 1978
5. PEARSON J, PYTEL B: Quantitative studies of ciliary and
sphenopalatine ganglia in familial dysautonomia. J Neurol
Sci 39:123—130, 1978
6. PEARSON J. PYTEL B: Quantitative studies of sympathetic
ganglia and spinal cord intermedio-lateral gray columns in
familial dysautonomia. J Neurol Sci 39:47—59, 1978
7. AGUAYO A. NAIR CPV, BRAY GM: Peripheral nerve abnor-
malities in the Riley Day syndrome. Arch Neuro! 24:106—
116, 1971
8. PEARSON J, DANCIS J, AXELROD F, GROVER N: The sural
nerve in familial dysautonomia. J Neuropath Exp Neurol
34:413—424, 1975
9. KAPLAN C, PASTERNACK B, SHAH H. GALLO G: Age related
incidence of sclerotic glomeruli in human kidney. Am J
Pathol 80:227-234, 1975
10. AXELROD F, NACHTIGAL R. DANCIS J: Familial dysauto-
nomia: Diagnosis, pathogenesis and management. Adv Pc-
diatr 21:75—96, 1974
II. DONcKERWOLCKE RAMG. SANDER PC, VAN STEKELEN-
BURG GJ, STOOP JW, TIDDENS HAWM: Serum creatinine
values in healthy children. Ada Pediat Scand 59:399—402,
1970
12. GREENHILL A, GRUSKIN AB: Laboratory evaluation of renal
function. Pediatr Clin North Am 23:661—679, 1976
13. Report of the task force on blood pressure control in chil-
dren. Pediatrics 59:797—820, 1977
14. GROVER-JOHNSON N, PEARSON J: Deficient vascular in-
nervation in familial dysautonomia, an explanation for vaso-
motor instability. J Neuropath App! Neurobiol 2:217—224,
1976
15. SUNDT TM: Management of ischemic complications after
subarachnoid hemorrhage. J Neurosurg 43:418—425, 1975
16. BARAJAS L, WANG P. BENNET M, WILBURN RL: The renal
sympathetic system and juxtaglomerular cells in experimen-
tal renovascular hypertension. Lab invest 35:574—587, 1976
17. RABLNOWITZ D, LANDAU H, ROSLER A, MoSEs SW, ROTEM
Y, FREIER 5: Plasma renin activity and aldosterone in famil-
ial dysautonomia. Metabolism 23:1—5, 1974
18. HOCHBERG Z, KAHANA L, SPINDEL A, DIENGOTT D:
Plasma renin activity in familial dysautonomia, unrespon-
siveness to a /3-adrenergic blocker. Pediatrics 58:618—620,
1976
19. Aol W, HENRY DP, WEINBERGER MH: Evidence for a
physiological role of renal sympathetic nerves in adrenergic
stimulation of renin release in the rat. Circ Res 38:123—126,
1976
20. BARAJAS L: Innervation of the juxtaglomerular apparatus:
Electron microscopic study of the innervation of glomerular
arteries. Lab invest 13:916-929, 1964
21. BARAJAS L: Anatomical considerations in the control of re-
nm secretion, in Control of Renin Secretion, edited by As-
SAYKEEN TA, New York, Plenum, 1972, pp. 1-16
22. GANONG WF, REID IA: Role of the sympathetic nervous
system and central- and /3-adrenergic receptors in regulation
of renin secretion, in Regulation of Blood Pressure by the
Central Nervous System, edited by ONESTI G, FERNANDEZ
M, KIM KE, New York, Grune and Stratton, 1976, pp. 261-
273
23. WAGERMARK J, UNGERSTEDT U, LJUNQVIST A: Sympathet-
ic innervation of the juxtaglomerular cells of the kidney. Circ
Res 22:149—153, 1968
24. ZEHR JE: Neurally mediated inhibition of renin release, in
Regulation of Blood Pressure by the Central Nervous Sys-
tem, edited by ONEsTI G, FERNANDEZ M, KIM KE, New
York, Grune and Stratton, 1976, pp. 221-234
25. CALARESU FR, STELLA A. ZANCHETTI A: Haemodynamic
responses and renin release during stimulation of afferent
renal nerves in the cat. J Physiol 255:687-700, 1976
26. JARECKI M. THAMES MD, DONALD DE: Cardiopulmonary
receptors, carotid baroreceptors and release of renin. Fed
Proc 36:458(A992), 1977
27. ZANCHETTI A, STELLA A: Renin release by central and re-
flex regulation, in Regulation of Blood Pressure by the Cen-
tral Nervous System, edited by ONESTI G. FERNANDEZ M.
KIM KE, NewYork, Grune and Stratton, 1976, pp. 235-250
28. CHRISTLIEB AR, MUNICH000APPA C, BRAATEN JT: De-
creased response of plasma renin activity in diabetic patients
with orthostatic hypotension. Diabetes 23:835—840, 1974
